Abstract. In our previous study, advanced glycosylation end-product specific receptor (RAGE) was observed to bind to S100A8/A9 and cause epithelial mesenchymal transition (EMT). The results from target gene prediction revealed that microRNA (miR)-185-5p had a RAGE binding site. However, the function of miR-185-5p in the invasion and migration of breast cancer remains ambiguous. In the present study, the expression of miR-185-5p was examined in breast cancer tissues and cells. Clinical features revealed a negative correlation between miR-185-5p and tumor size, as well as in tumor differentiation and lymph node metastasis in breast cancer. In addition, miR-185-5p was negatively associated with RAGE, and this miRNA reversed the EMT of breast cancer by modulating RAGE in vitro. In addition, miR-185-5p inhibited the S100A8/A9-induced EMT of breast cancer cells by the nuclear factor-κB/Snail signaling pathway. Notably, miR-185-5p upregulation inhibited the F-actin polymerization induced by S100A8/A9 in breast cancer. Furthermore, overexpression of miR-185-5p and reduction of RAGE inhibited lung metastasis node in vivo. Thus, miR-185-5p represents a potential therapeutic target in breast cancer by modulating RAGE.
Introduction
Breast cancer is one of the most frequently diagnosed cancers and the leading contributing factor in cancer death among females (1) . In spite of significantly improved diagnosis and clinical treatment strategies, low survival and high recurrence rate persist in many breast cancer patients. Invasion and metastasis are the primary reasons for mortality caused by breast cancer. However, the precise molecular mechanism of breast cancer invasion and metastasis remains ambiguous.
The receptor for advanced glycation end products (RAGE), which is a member of the immune globulin family, was isolated from the bovine lung endothelium (2) . RAGE is a multiple ligand and pattern recognition receptor that has been implicated in the progression of various human cancers because of its ability to drive tumor growth and progression (3). Meanwhile, many clinical studies have indicated that higher RAGE is related to various malignant tumors, such as prostate cancer and glioma (4, 5) . RAGE has been implicated as a potential mechanism driving the development, progression, and metastasis of breast cancer (6) (7) (8) .
Epithelial mesenchymal transition (EMT) is indispensable to increasing invasion and migration during the development of a malignant tumor. EMT can be affected by various transcription factors and is accompanied by changes in the EMT marker protein. In EMT, cancer cells exhibit the property of mesenchymal cells; that is, the cells diffuse from the primary tumor and invade adjacent tissues and blood vessels (9, 10) . Recent studies have demonstrated that microRNA (miRNA)s are key factors in EMT-associated cancer invasion and metastasis.
miRNAs belong to a family of small non-coding RNAs with approximately 22-25 nucleotides in length. Functional studies have demonstrated that miRNA serves as a modulating gene that can regulate target mRNA to repress translation. Several miRNAs, such as miR-200c (11) , miR-34 (12) , and miR-9 (13), enhance or repress metastasis and invasion by regulating EMT. miR-185-5p has been reported to be downregulated in NSCLC (14) , gastric cancer (GC) (15) , breast cancer (16) , and glioma (17) . Plasma miR-185 is decreased in patients with esophageal squamous cell carcinoma and might suppress tumor migration and invasion by targeting RAGE (18) . However, the functional mechanism of miR-185-5p targeting the RAGE mRNA in breast cancer is unknown. Thus, understanding the potential mechanism of the invasion and EMT of breast cancer may be an effective therapeutic strategy.
In this study, we first identified a negative correlation between miR-185-5p and RAGE expressed in breast cancer tissues and cells. Upregulation or downregulation of miR-185-5p in vitro and in vivo resulted in the significant inhibition or promotion of invasion and EMT. Furthermore, upregulation of miR-185-5p impacted F-actin polymerization caused by S100A8/A9 of breast cancer cells. Finally, the results indicated that miR-185-5p, as an anti-oncogene, played a pivotal role by targeting RAGE in breast cancer. Hence, miR-185-5p could act as a rationale for the diagnosis and therapy of breast cancer patients.
Materials and methods
Clinical samples. Fresh frozen breast tissue specimens and adjacent normal breast tissue samples were acquired from the Affiliated Hospital of the Weifang Medical University (Shandong, China). Patients did not undergo chemotherapy or radiotherapy before surgery. Written informed consent was acquired from all patients, and the study was approved by the Institute Research Ethics Committee at the Cancer Center, Weifang Medical University.
Cell culture. All human breast cancer cell lines, namely, MDA-MB-231 (MDA231), T47D, MDA-MB-453 (MDA453), SK-BR-3 and MCF-7, and human normal breast epithelial cell MCF-10A were acquired from ATCC (USA). The MCF-10A cells were cultured in DMEM/F12, which contained 10% FBS, 20 ng/ml EGF, 0.1 mg/ml CT, 10 mg/ml insulin, and 500 ng/ml hydrocortisone. MCF-7 cells were cultured in MEM with 10% FBS and 1% sodium pyruvate. T47D and SK-BR-3 cells were cultured in DMEM with 10% FBS. MDA231 cells were cultured in RPMI-1640. MDA453 cells were cultured in L-15 with 10% FBS. All cell cultures were incubated at 37˚C under 5% CO 2 atmosphere.
Plasmid construction and cell transfection. MDA231 cells or MCF-7 cells (2x10 5 ) were planted in six-well plates overnight to ensure that cell confluence could reach 60-80% at the time of transfection. Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific Inc., Waltham, MA, USA) was employed in cell transfection according to the manufacturer's protocol. miR-185-5p mimics, negative control mimics (NCs), miR-185-5p inhibitor, and anti-NC were synthesized by Genechem, Inc. (Daejeon, Korea). The siRNA sequence of RAGE and a control vector were synthesized by Genechem Inc. (8) . The transfected cells were selected for 14 days using 600 µg/ml G418. We isolated single cell culture and maintained the stable transfected cells using 300 µg/ml G418. The stable transfected cells were used for subsequent studies.
Western blot analysis. The cells or tissues were lysed using RIPA buffer with protein phosphatase inhibitors for western blot. Whole cell or tissue protein lysates were electrophoresed on 10% SDS-PAGE and transferred onto PVDF membranes (Millipore, Billerica, MA, USA). The membranes were subsequently incubated with primary antibodies overnight, washed thrice, incubated with secondary antibody, and exposed to ECL. We analyzed the samples using ImageJ software (NIH, Bethesda, Maryland). The relative protein levels were quantified using three different western blots. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Total RNAs were isolated using TRIzol reagent. RT-qPCR was conducted using SYBR-Green on an Applied Biosystems 7500 (Applied Biosystems; Thermo Fisher Scientific, Inc.). Expression of U6 was used as the internal control. The relative mRNA expression was normalized using the 2 -ΔΔCq method (19) . The thermocycling conditions for RT-qPCR were as follows: 95˚C for 20 sec, followed by 35 cycles of 95˚C for 5 sec, 63˚C for 30 sec and 72˚C for 5 sec. The sequence of the RT primer was 5'-GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACT CAG GA-3'. Specific primers for miR-185-5p were as follows: Forward, 5'-GCG CGA TTG GAG AGA AAG GCA GT-3' and reverse, 5'-ATC CAG TGC AGG GTC CGA GG-3'.
Luciferase reporter assay. TargetScan 6.0 and miRNA. org were used to predict sequences of miR-185-5p and pair 3'-untranslated region (UTR) sequences of RAGE. MDA231 cells or MCF-7 cells (3x10 4 ) were planted in triplicates in 24-well plates for 24 h before transfection. Then, 100 ng of pGL3-RAGE-3'UTR wild-type (WT) or pGL3-RAGE-3'UTR-mutant (MUT), plus 1 ng of pRL-TK (Promega, Madison, WI, USA) and the matched miR-185-5p, NC, anti-NC, or anti-miR-185-5p plasmid, were co-transfected using Lipofectamine 2000 in accordance with the manufacturer's protocol. Firefly luciferase activity was measured after 24 h of transfection.
Chemotaxis assay. S100A8/A9 was added into the bottom chamber, and 2x10 5 cells were added into the upper chamber. The chambers were incubated at 37˚C under 5% CO 2 .
Subsequently, the polycarbonate filter membranes were fixed and stained using Giemsa. The numbers of migrating cells were calculated in five random fields using light microscopy, and the average number of cells was determined. This experiment was repeated thrice.
Cellular F-actin measurement. Breast cancer cells were immobilized with 4% paraformaldehyde and PBS. Then, the cells were washed thrice for 5 min at each instance. The cells were washed with PBS and blocked with buffer, which included goat serum, for 45 min. The cells were stained with Rhodamine phalloidin for 1 h, washed thrice, and covered with fluorescence decay resistant sealing tablets. F-actin content was measured with a fluorescence reader. The relative F-actin content was calculated as follows: F-actin ∆t/F-actin 0=fluorescence ∆t/fluorescence 0.
Immunofluorescence. The cells were fixed for 20 min using 4% paraformaldehyde. Then, the cells were permeabilized with 0.1% Triton X-100 and blocked with 1% BSA for 45 min at 37˚C. The primary antibodies E-cadherin and vimentin were incubated overnight at 4˚C. Cy3 and FITC secondary antibodies and DAPI were used.
Animal studies. The Severe Combined Immune-deficiency (SCID) mice were approved by the Animal Care and Use Committee of Wei Fang Medical University. Female SCID mice (4-5 weeks old) were used. MDA231/NC, Scr/MDA231, MDA231/miR-185-5p, and SiRAGE/MDA231 cells were injected into the oxter of the SCID mice (n=10). When the xenografts were evident, an intratumor injection of S100A8/A9 at 100 ng/kg was performed for 4 weeks. After 8 weeks, metastasis in the lung tissues was examined by H&E staining.
Statistical analysis. Data were analyzed using SPSS v16.0 software (SPSS, Inc., Chicago, IL, USA). The results were presented as the mean ± standard deviation. Χ 2 -test was used to analyze the associations between miR-185-5p and the clinicopathologic features. Student's t-test or analysis of variance with Dunnett's post hoc test were conducted to determine the statistical significance for comparisons between the groups. P<0.05 was considered to indicate a statistically significant difference.
Results

Downregulation of miR-185-5p in metastatic patient tissues and cells was correlated with clinicopathological features of breast
cancer. miR-185-5p is known to play a fatal role in various cancers, such as breast cancer. However, the biological role of miR-185-5p has not been fully elucidated. In the present study, we first analyzed the miR-185-5p expression in breast cancer cells by RT-qPCR. The results indicated that the expression of miR-185-5p was markedly downregulated in breast cancer cells compared with that in MCF-10A. The expression of miR-185-5p was higher in MCF-7 than in MDA231 (Fig. 1A) . The expression of miR-185-5p in 30 selected fresh breast cancer tissues (T) and paired adjacent non-tumor tissues (ANTs) was tested using RT-qPCR to further investigate the clinical relevance of miR-185-5p. The results demonstrated that miR-185-5p was significantly reduced in all 30 tumor tissues compared with the paired ANTs (Fig. 1B) . Consequently, RAGE was markedly increased in most of the fresh tumor tissues relative to the paired ANTs (Fig. 1C) . Thus, the expression of miR-185-5p was negatively associated with RAGE in the fresh tumor tissues (Fig. 1D) . RAGE was previously associated with the clinical pathology of breast cancer (8) . Analysis of correlation between miR-185-5p and clinical pathological features demonstrated that downregulation of miR-185-5p in breast cancer was related to clinical stage, tumor size (P= 0.08) and grade (P= 0.010), lymphatic metastasis (P= 0.014), and distant metastasis (P= 0.022). However, this downregulation was not associated with age (P=0.158), ER (P=0.080), and PR (P=0.212) ( Table I ). These data implied that miR-185-5p expression was significantly related with the clinicopathological features of breast cancer.
miR-185-5p directly targeted RAGE 3'-UTR. miRNAs modulate gene expression via targeting the 3'-UTR. Bioinformatics analyses of 3'-UTR revealed one putative binding site for miR-185-5p ( Fig. 2A) . To study the potential interaction of miR-185-5p and RAGE in breast cancer cells, we predicted that miR-185-5p repressed RAGE expression via targeting the 3'-UTR. The results suggested that the expression of RAGE protein and mRNA was considerably reduced in MDA231/miR-185-5p cells. By contrast, the expression of RAGE protein and mRNA was markedly upregulated in the MCF-7/anti-miR-185-5p cells than in MCF-7/anti-NC (Fig. 2B, C and D) . We cloned the WT or MUT RAGE 3'-UTR of a luciferase reporter gene to investigate whether the predicted targeting site of miR-185-5p on 3'-UTR of RAGE functioned in this regulation. WT or MUT RAGE vector and miR-185-5p or NC were co-transfected into MDA231 cells. The results showed that co-transfection of WT RAGE 3'-UTR and miR-185-5p vector into MDA231 cells notably reduced luciferase activity compared with the co-transfection of control Table I vectors and miR-185-5p (Fig. 2E left) . Contrasting results were found in MCF-7 cells co-transfected with anti-miR-185-5p and WT RAGE 3'-UTR (Fig. 2E right) . All results showed that miR-185-5p directly targeted 3'-UTR of RAGE and repressed RAGE expression. Subsequently, the regulating relationship between miR-185-5p and RAGE in S100A8/A9-induced EMT was further confirmed. The expression of EMT-related marker was detected after co-transfecting or only transfecting one plasmid. The result evidently showed that the expression of E-cadherin and vimentin was rescued (Fig. 2F) . The same results were observed in the MCF-7 cells (Fig. 2G ). These findings indicated that miR-185-5p inhibited EMT by modulating RAGE and suppressed invasion.
miR-185-5p inhibited invasion and EMT of breast cancer cells.
The expression of miR-185-5p was tested, and the 
(E) Luciferase activity of pGL3-RAGE 3'-UTR WT or pGL3-RAGE 3'-UTR-MUT report in MDA231 and MCF-7 cells. (F) and (G) Expression of vimentin and E-cadherin was examined in (F) MDA231 and (G) MCF-7. For (B), (F) and (G)
, the results of western blotting were from a representative of at least three repeated experiments. * P<0.05, as indicated. miR, microRNA; RAGE, advanced glycosylation end-product specific receptor; WT, wild-type; MUT, mutant; NC, negative control; UTR, untranslated region; si-, small interfering RNA; Scr, scramble. results are shown in Fig. 1A . miR-185-5p was found to be a tumor suppresser gene. The function of miR-185-5p on cell invasion and EMT was further detected. MCF-7 was transfected with anti-NC and anti-miR-185-5p plasmid. Meanwhile, MDA231 was transfected with miR-185-5p and NC plasmid. The invasion ability of MDA231 and MCF-7 was detected by Transwell with or without S100A8/A9 stimulation. The invasion capacity of MDA231/miR-185-5p was notably lower than that of MDA231/NC (Fig. 3A) . By contrast, the invasion ability of MCF-7/anti-miR-185-5p was significantly higher than that of MCF-7/anti-NC (Fig. 3B) . The results showed that the upregulation of miR-185-5p notably inhibited the invasion. Moreover, the EMT biomarker changed in the breast cancer cell lines after transfection with or without stimulation of S100A8/A9. western blot results showed that vimentin expression was significantly decreased with stimulation of S100A8/A9 in the MDA231/miR-185-5p cells than in MDA231/NC. However, E-cadherin expression in the MDA231/miR-185-5p cells was significantly upregulated (Fig. 3C left) . Meanwhile, E-cadherin expression in the MCF-7/anti-miR-185-5p cells was significantly downregulated. The expression of vimentin was significantly upregulated in the MCF-7/anti-miR-185-5p cells than in MCF-7/anti-NC with S100A8/A9 stimulation (Fig. 3C right) .
The same results were observed by immunofluorescence staining (Fig. 3D) . Hence, miR-185-5p inhibited invasion and EMT.
miR-185-5p inhibited S100A8/A9-induced EMT of breast cancer cells via the NF-κB/Snail signaling pathway.
NF-κB is a transcription factor cytoplasmic heterodimer protein of the IκB family and plays an important role in tumor formation. The functional significance of miR-185-5p on cell invasion was elucidated under S100A8/A9 stimulation. The expression of Snail was remarkably downregulated in the MDA231/miR-185-5p cells than in the MDA231/NC cells. However, the expression levels of Twist, Zeb1, and Zeb2 were unchanged in the MDA231/miR-185-5p cells (Fig. 4A) . In this study, Snail was downregulated in the nuclei of MDA231/miR-185-5p cells than in the nuclei of MDA231/NC cells under S100A8/A9 stimulation (Fig. 4B) . Afterward, IκBα phosphorylation was examined to determine whether miR-185-5p mediated the stabilization of Snail through NF-κB activity. The results indicated that IκBα phosphorylation was considerably downregulated in MDA231/miR-185-5p cells than in MDA231/NC cells (Fig. 4C) . These results proved that miR-185-5p modulated Snail stabilization depending on the activation of NF-κB. 
miR-185-5p inhibited S10 0A8/A 9 -induced F-actin polymerization of breast cancer cells.
The cell chemotaxis assay was designed to detect whether miR-185-5p could inhibit S100A8/A9 and induce chemotaxis of breast cancer cells. No difference in chemotaxis ability was found between MDA231 and MDA231/NC cells. However, this ability was reduced in the MDA231/miR-185-5p cells than in the MDA231/NC cells (Fig. 5A) . By contrast, MCF-7/anti-miR-185-5p cells showed an increase in chemotaxis ability (Fig. 5B) . The results showed that miR-185-5p acted a vital part in inhibiting chemotaxis of breast cancer cells. Varlet et al (20) found that fine tuning the actin dynamics facilitated cytokinesis. Whether miR-185-5p could mediate the reorganization of F-actin needed further investigation. Thus, we detected F-actin polymerization under miR-185-5p upregulation in breast cancer cells. The quantitative F-actin polymerization experiment indicated that S100A8/A9 induced actin polymerization in MDA231/NC cells at 20 and 60 sec, while F-actin polymerization was notably decreased with S100A8/A9 stimulation in the MDA231/miR-185-5p cells (Fig. 5C and D) . These results indicated that miR-185-5p strongly limited the cytoskeleton rearrangement and could abolish the formation of stress fibers. Cofilin is an important regulator to balance between F-actin and G-actin. Dephosphorylated cofilin can promote G-actin in forming F-actin, which contributes to cell migration through lamellipodium (21) . LIM kinase (LIMK) regulates the structure of the F-actin cytoskeleton by phosphorylation and inactivation of F-actin depolymerization factors of the ADF/cofilin family (22) . LIMK is a vital protein in tumor formation and progression (23, 24) . LIMK or cofilin phosphorylation was proved to be remarkably increased in malignant melanoma (25) and prostate cancer (26) . Further analysis indicated that miR-185-5p markedly inhibited the activation of cofilin and LIMK in MDA231/miR-185-5p cells. However, the levels of total LIMK and cofilin remained unchanged (Fig. 5E) . These results revealed that miR-185-5p played a vital role in inhibiting F-actin polymerization of breast cancer cells.
Overexpression of miR-185-5p and reduction of RAGE inhibited lung metastasis in SCID mice.
To verify the effect of miR-185-5p and RAGE on breast cell invasion in vivo, we injected the axilla of SCID mice with MDA231/NC and MDA231/miR-185-5p cells. Meanwhile, we injected the axilla of SCID mice with SiRAGE/MDA231 and control cells. The number of satellite tumors was counted in sections of SCID mice sacrificed at 10 weeks. The tumor nodules were considerably reduced in MDA231/miR-185-5p cells than in the MDA231/NC group. Upregulation of miR-185-5p resulted in significant inhibition of invasion in vivo. SiRAGE/MDA231 group showed significantly reduced tumor nodules than the control group (Fig. 6A and B) . RAGE in sectioned seeded tumors in SCID mice injected with MDA231/ NC, Scr/MDA231, SiRAGE/MDA231, and MDA231/miR-185-5p cells were analyzed by western blot. The expression of RAGE was significantly reduced in MDA231/miR-185-5p cells than in MDA231/NC (Fig. 6C) . The results consistently indicated that miR-185-5p could inhibit invasion of breast cancer cell in vivo.
Discussion
An increasing number of studies have recently manifested that the development and progression of malignant tumor is a very complex process and affected by various factors. miRNAs play a vital role in mediating gene by targeting the 3'-UTRs (27) , which are vital mediators of cellular functions, such as proliferation (28) and G1/S transition (29, 30) . Overexpression of miR-185-5p repressed TRIM29 in GC and miR-185-5p has been demonstrated to directly target RAGE and inhibit the invasion and metastasis in ESCC. However, the important molecular mechanism by which miR-185-5p targets RAGE to repress breast cancer remains unknown. In this study, the data revealed that miR-185-5p directly targeted and modulated RAGE 3'-UTR and inhibited invasion and EMT. In addition, this miRNA sufficiently reversed the mesenchymal potentials and reduced the invasiveness of mesenchymal cells.
EMT is an important molecular mechanism that determines the metastasis and invasion of carcinoma cells (33) . Consistent with previous finding, we previously showed that the combination of RAGE-S100A8/A9 promoted the invasion and metastasis of breast cancer cells (8) . Meanwhile, EMT regulated multiple signaling pathways, such as TGF-β (34), PI3K, MAPK, and Wnt/β-catenin. Numerous genes and transcription factors, such as Snail, Twist, and ZEB1/2 (35, 36) , have been found as key regulators in EMT. Zhai et al (37) indicated that miR-143 inhibited migration and invasion by downregulating ERK5 in breast cancer cells. In this study, miR-185-5p inhibited the S100A8/A9-induced EMT via NF-κB/Snail signaling pathway.
Among the multifaceted effects exerted by this program, rearrangement of actin cytoskeleton is the major driving mechanism for cell migration and invasion in the development of EMT and cancer cells with invasive behavior (38) . Wang et al (39) found that MIIP could inhibit endometrial carcinoma migration via cytoskeleton reorganization with markedly reduced formation of lamellipodia. Previous studies indicated that HSPB8 regulated BAG3 levels through a mechanism that involves effects on branched actin nucleation in cancer cells (20) . Phosphorylated cofilin could process the polymerization of F-actin and formation of lamellipodium, leading to the damage of lamellipodia-based metastasis. Hence, these results indicated that miR-185-5p inhibited F-actin polymerization. miR-185-5p has a significant part in metastasis and invasion of breast cancer cells. S100 family members have diverse functions in cancer development. S100A8/A9, which is a member of the S100 protein family, contributes to the progression of human cancers. Previous studies showed that modulating the MMP-2 expression S100A8/A9 related to carcinoma cell phenotype and activity can regulate carcinoma cell metastasis (40, 41) . S100A8/A9 is released at the region of inflammation by phagocytes, monocytes, epithelial cells, and endothelial cells (42) . This protein regulates various processes during chronic inflammation. The results show that the S100A8/A9 protein dimers interact with RAGE at cytomembrane of melanoma tumor cells (43, 44) . We previously reported the impact of the RAGE-S100A8/A9 interaction on cell invasion and metastasis formation in breast cancer (8, 45) . Here, we demonstrated the miR-185-5p targeting of RAGE in metastasis and invasive capabilities via combining to extracellular S100A8/A9. Hence, miR-185-5p inhibited the invasion and migration of breast cancer cells by targeting RAGE.
Thus, a relation between miR-185-5p and RAGE expression was established in this study. The importance of miR-185-5p regulation of F-actin polymerization and reversal of EMT in breast cancer was determined. The NF-κB/Snail signaling pathway was involved in the suppression of EMT. Furthermore, all findings demonstrated that miR-185-5p played a role in inhibiting invasion and migration in vivo. These results provided a new rationale for using miR-185-5p to target RAGE, which is a novel strategy for breast cancer therapy.
